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ABSTR..J\C1' 
.tv; n p1·elude to stnd~ing epidermnl c·h11.lone in disease swtes. a beat separation ietb-
nique h:t.s been employeu to isolne epidermis from the skin of 11ewborn rat.s for chalone 
exi mctiou. A ('onsistent clC'a\'!tge plane through the epidcrm:.d basal cell row ran be 
demonstrated by Jighi rnicTDsropy. From this beRr-isol:tLed pllre epidermis we preparrd 
aqueous homogenates, which showed romplcte destruction of r.:e.lls and organeUes b~­
elertroo microscopy, exhibited J 6 protein bands by polyacrylamide gel electrophoresis 
n.nd eontained an ariive mitotic inhibitor demonstrable by bioassay. By using pure 
epidermis, a reproduc·ible extradion procedure, ru1d a reliablf' bioas.sar, it should be 
possible to develop a rapid biochemical cha lon e assay, to determine the ('hemical proper-
ties of cha.lone, t.o study its me<'han.ism of action , and Lo examine its vossible relevancy 
to the diseases of epidermal difft:'reotiation. 
In 1962 Uullough (1} applied the Greek word 
"chalone" t.o gro"~h inhib1tory substances, 
which according to m ore renent studies, uppear 
to be proteins (2). These so-cnJled chalones have 
been extraeted from n. wide variety of ll13lll-
malian cell:> (3, 4) :md a re suid to be organ 
specific and species nonspecific (5). Ptevious ex-
periment;, utilizmg wound healing (6) and epi-
dermal squamous cell carcinomas in rahbits (7) 
haYe uggested th:-tt epidermis al~o ('Ontnins a 
chalone. which may baw an imporlam role in 
the control oi E'pidermnl proliferation. 
A remarkable degree of progress has been 
made in epidermal chalone research when one 
consider,; tbe difficulties in obtaining known 
amounts of chalone-containing extract ( ) , the 
rigorous histological ~C>ehniques prr,·iously used 
(9), and the nnUEnnlly 1edious biological assay 
(10). Thf' purpose of this communication is 1.-o 
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describe our methods of preparing and bio1nay-
i11g cp1dermn.l extracts for chalone actiYity in 
sufficient detnil to enable Lltis procedure t.o be 
esta.bliEhrd in any laboratory equipped for rou-
tine hi~1ology aud elementary biochemistry. 
li\.TERIA.LS AXD ~tETHODS 
T o )JreJinr£- the exlrac!E. 3--4 dn~· old albino mts 
were killed hy nt:ck hreaking n.nd lli!' skins were 
immetliutcly remo,·ed witlr >;c-i"-E:ors from an area 
poslcno1· Lo the c~·cs rwd anlct-ior lo t.h£' bind ] (!~S­
From ltU ited benkc,r, the skins 1n::re !mu.sfcn·ed to 
a stainless steel screen haskeL, and imtuc.-sed and 
gently stirred in 55" C . water for 30 seconds. im -
mecliat('ly followed by cooling wi1J1 il'e wnter. 
Each skin wns ~read t>pidennis up on an iced 
retri dish coYPr and n slit mad£> pe1·pendirular lo 
nod tltrougL lire Ppidermis witlr a ;;cn.lpl•l. The 
epidcm1is was eo.sil_,. J)l:clcd away b.'' grnsping I hf' 
c-ut ed!!Cs of tlrP shl with forceps. After imm~>diate 
Irer7.iUg in liquid ni I rogen. I he epidcr01is wo.s 
weig],ed, t\a('D puh-eri;~ed in a mortar and pestle 
coniaining li.quirl uitrogen. The p011·der was ho-
mogenized in wat.er (1 ml H ,Oj g of wel epidermis) 
for 5 min at 400 rpm in n. 40 ml Pyre;,: ground 
t.df!SS-oo-gJo.s,; tissue homogenizer (COJ·ning Glass 
Works, Corning. N.Y.) using a power rotor. The 
homogenate was centrifuged nL 35,000 g for 30 min 
n.l 2" C. in a Son·nll RC2-B refrigerated cenlJ·ilugt' 
and the 35,000 g supernatant was lyophilizt"d after 
a 0.1 m\ ali'ltlOt had heen l'emon~ci for Lowry 
protf'in analysis {11). 
SeYcral lyophilized exlract.s were pooled for 
polyn.cry\n.mide gel p\ectrophoresis. The loading. 
siack.io,l! and lhr. 7% separating gels were prepared 
b~· a sli~th1 modification of the met.hod described 
by Davis 02). Epidermal e.xlract conlaiJ:ting 200 
11-f!. protf:io wns intorporated into U1e londing gel. 
Durin!!: elPctrophoresis. the marker dye (0.005% 
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Br·omphenol blue) prN·eded tl•c proteiu t hrough 
!J1e slacking gel (pH 8.9) aud tilt• !Wpamlwg gel 
(pH 9.5). The gels werf' sl.nil:1ed ih anili11e bluc-
blnc:k fnr 1- 2 hours aud destained eleclropboret.ic-
alh· iu i % acr•lic :tcitl. Tl1e !SlUJO('(I protein lmucls 
we're eolmted \'isually L•y laying gd: on an illumi-
nat.ed frosted p:lass plaLe. 
To en.sure a. con.sistenL heaL induced cleavage 
plane. periodically u sample of s.e:pttrll.led epidermis 
and the r esidual dcrmis-fai layer was fixed in 
Bouin's solut.iou .. 'cyen micron paruffm Sl\<'tions 
wc,·e slained iu hematoxylin and eosin !or Jig},t 
rnieroscop~·. 
T o monitor Uw efff'rtivcucss of cell aud organelle 
di.,ruption CIJ.used by lhe homogPnillation proced-
ure, lhe 35,000 p: superuatanL wus rc>o l.rifuged at 
105.000 g for 30 mim11es iJJ a. Spint'o M odel L 
p re]1arative u1ttilcenLriluge. B oth tl1i,• 105.000 g pel-
let and the 35,000 g pellet were fixed iu 2 \12% 
glutaraldehyde in 0.1 M phosphat<• l:>uffet' n.1 4° C ., 
2% o ·mic acid in 0.1 M phosphalr; huffer nhd em-
betided in Epoo. After St:'clioning at 500 A t.ltick-
ness. sections were ln.id on Form' nr carbon coated 
gri(L•, stained with urnn.,·l magne~:,-ium aceln1e aud 
lead citrntt,. llllll I!Xnruined with nn Pl<:ct.rou micro-
H·ore. 
To dcmougtrate chn.lone ncti,·i1~· in lhe 35,000 ~ 
SlllJCI'Ilatllnt, a modi1i<"ation oi Bulloufl,"h 's ori,1dnal 
bioassay (9. 10) was employed. M alt· Strong CBA 
mi<'e (The Jack.~oo Labrmuor~·. B ar H arbor, Me.), 
3-4 months old. wen' JJ()ust·d 4-6 per c·n!!C io a 
quiel roorn i'or n1 lens1 a wc:ek afh•t· ;;\Hprucoi be-
fort· usc. 
Earll of S oliJ:c· w~ killer.! l1~ uc<·k pulling and 
bollt ears immediate!~· cut off. A 2.5 :x 5 mm ree-
tau!!::ular full Utickm:os biop~." (Ptlr plug) was 
punched parn.Liel with Ute ear Pdge from ench ear 
periphcr~· "' ilh a special!~ d"sigoed nud machined 
ti!S>"lle pnnd1. insurin~ idtmlicnJ size? of aU ear 
plu/l:l. Esc!. eat plu!( was transferred TO a separate 
1\'nrhura: Ba..~k coolru.uiug <!.0 m1 Ealine-j'llnspha.te-
!!:lucosl' solution (Bullou![b 's solutiou l (1(1) alone, 
or 4.0 rnl Bullou!!:h 's sol u lion pi Ul' the 35,000 g 
.•upernntant in 8 cspel'imenlnl Bn~ks. To obtain 
pa1rPu datu. one ear pluu from an animal weul 
im.o a control fla.o;k. w!.ile tlte second c·ar plug from 
Wit' oUter eat· of ll.u 1 ani miLl was pln<·ed in 1111 e:x-
r.wrimeut.::li flask. 
By means of a nJbber tube leading from enrh of 
lilt· ] () flasks to a rentra.l tank of 100'1- ull m-pure 
ox.'·gen (J. T. Baker Co., Phil.lipsburg. :\.J .) . the 
ear plugs were gnesed for 10 minutes. at o flow rote 
of 5 liters/ minute, while incubati.J.lg in n 38° c. 
water shaker bath (Research Spcriallics Co .. 
Berkeley, Calif.). Aff~r 1 hour of im·ubm.ion, 0.016 
mg Colcemid (Ciba Pharmar(~tlt ical Co., Summit. 
N.J.) in 0.24 ml Bullough's solution wa:< added 
Irom a side ann, and t.he ea·r plug,: were iucubatod 
4 more hours. after which the" wet'£' fixed in 
Bouin's solul1on, dehydrated. emhedded iJJ pandfm, 
and sectioned at. 111irroos. l!'h·e slides containing 
4 serial sections per slide were prepared for t>ach 
Par plug. Each serial section contained o 0.5 em 
length of epidermis on eaclt of its two epidermal 
surf:lcPs. or a total of I em epidermal leugtl1 per 
!'erial se~;l ion. 
Since the me!l.ll dia rn<· tcr of 11 basal cell H\IClt:u" 
i11 thcSP mice WLIS 6.3 mic'rons, akippiug t'\·ery other 
section a,·oidf'd <;ounting the same milmic· figure 
tv.·ice. ColrJ1i.cine mi;.pses ill tht: interfollicnlar epi-
dennis wl:'re <·oun ted 1,1 iud by projectiJJl! c·r-.cled 
randomized slides on a microscope o;crceu. Thus, 
W seria l sect.ior1s per en.r plug, coniainwg 10 em 
epider mal .l en~ll•. were scored. An a\·crage mitotic 
count, express"'d as mitoses/ em epidermis. was 
made for r,he 8 control and 8 e."\-pcriro<·ntal plugs. 
Pcn:ent mitotic inl1ihition was ca.lculn\cd by 1.he 
fonnnl n. : 
lOOC": ( mean experimenLtil mitoses/ em ) 
to - 1 . I X 100 . mean tonLru mtwses em 
Standard deYin.tion~ wr re computed for the con-
trol ILUU experimental ,·:;lues mtd a ~lud!~ul's t- leEt 
for p!lirf'd data was performed. Seven separa te bio-
assa.vs were J:K:rfonned u.sin!! Ure following amounts 
of exlracL protein per experimental flask: 12.7, 9.1, 
8.1. 6.1. 5.1, 4.0, 2.0 mg. 
HE$ULTS 
Quality Control 
Light microscopy. The heat-separated epider-
mis and dermis repe11 tedly reve~'lled a consistent 
plane of clea,·age. As shown lD Figure 1, the 
undersid e of the separated epidermis and the 
epidermal surfa.ce of the dermis exhibit many 
cytoplnsm.ic strands. The position and appear-
ance of these strands indicates lbai the cleo,wa-2:e 
plane of our beat-separation technique is di-
rectly through Lhe bas..'ll cell row of the epider-
mis. Some cells aboYe rh1s ro" - are vacuolated 
but many appear morphologically int-act. 
Eleciron microsco1'Y· T be hypotonic homoge-
ntzation procedme caused eXtensive epidermal 
destrm't ioo. No int.a.ct cells or nuclei could be 
found in the 35,000 g pellet (Fig. 2). Further-
more, 1 he 35,000 g supernatant (in the form of n 
J05,000 g pellet) coniained no recognizable or-
ganelles (Fig. 3). 
Electrophorcsi.~ . Polyacrylamide disc e]Pctro-
phoresis of 3 sepamle pooled batche:e of 35,000 g 
supernatant producE'd a similur pai lern of 16 
protein band" 111 each of tl1c gels (Fig. 4). The 
most prominent band did not exhibit the same 
electrophoretir ml>bility :ts serum albumin. 
Bioa..~sa.y 
Li(Jht microscopu. Figure 5 shows a h istologi-
cal section of a mouse ea r plug which has been 
incubated for 5 hou rs. This tissue has dermis 
Frc. 1. Heat separated rat epidermis (A) ttnd remaining dermis (B ). The apparent lnr.k 
oi keratohyalin in tbe epidermis is a characteristic· nrtifart of fixation in Battin 's solution. 
Di~"lltptrd c_,1oplasmi r· stmnds (anow~ in A & B ) n.re Yisihle in the plane of d~>rm()(·pidrr­
mnl rlPII\"lLge. Hematox~·Un a nd eo!!in. X 656. 
J/() 
Fie. 2. Representative section ttu·ough 35,000 g pellet prepared from heal- epars lcd, wa tN 
•·XIr!l.C\'.!d and homogenized, newborn rat epidermis. The preparation shows 1.bickened ef'll 
Jnt•rnLmnes (a rrow) and cell debris. X 9.512. Inset: A higher magnification of a t:PIJ mPm-
l.ntrJt' ( l\1 ) <·ontain in!!: area of U1is pe lle t showing 11 desmosome <D ) wi th lonofila mt-ul ou"' 
0' ) iu:<r·t tJOllS and ot l,er· unideillifinble ( arrowhead) w!Ller extracted tell t:Otu p u n C'nt:'. X 
126.280. 
J~IG. 3. Hepresenlath·e section Ulrougb the contents of the 35,000 g chalone-containing 
sutwmalnn t wbid1 was concentrated into a sectionahle J?eUer hy ultmrcmtrifu)wtion a t 
105 000 IZ· The mouotonous pattern of disrupted cell constJiue.uts is int e rrupted hy nn oc-
r nsional unit mPmbrnne frl{gment ( Rrrows) . X 61.905. 
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Flo. 4. Polyacrylamide gel electrophoresis patterns of 3 diffen•nt batches of the chalone-
containing 35,000 g su))f'rnatant pictured in Fig. 3. 
. .. ' ,.. 
" . " .. 
Fro. 5. Serial secuon of 5 rom-long. mouse ear plug. Hematoxylin and co'!in. Y 13. 
and epidermis on both sid~ with cartilage in the 
middle, which makes microtomy difficult. How-
eYer, the lack of rete ridges tends to offset this 
disadvantage. 
Ill such material, mitotic figures collected at 
the metaphase stage of the cell cycle by colchi-
cine can be easily spotted (Fig. 6). A colchicine 
m itotic flgure (c-mit.osis) exhibits A cbaracteris-
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F1c. 6. Colchi•·iue mitot i<· figur·e- (arrow) in inte>r·follicuJar f'pidrrnutl basal cell layer of 
same mou~e c!\r plllg shown in F1g . 5. H cnwl oxylin auu COi'lll. x 610. 
uc dark homogencou:> color, futzy edge, :111d per-
inuclear halo {Fig. 6.1. These ie.rt ures a re not 
present in Jlyknoi.ic nuclei whieh occasionally 
occur nnd from whielr o. c-mit·oFis mu,;;t be distiit-
guished. 
Jfitotic inhibition. The rrsult,; of scYen ~t'pa­
rate bioassays from one lurgc, poof(•u batch of 
chalone-contami.ng: 35,000 !! ~upernnlant, are 
summarized )n t,he T ablt'. H is C'vident t,hat, the 
degree of miloi.ic inhibition rl' proportional to 
the amount of protein assayed. 1atdical signif-
icance (p < 0.05) \\'n~ present when the degree 
of mitotic inbibitiou wn;: 50% and grea ler . P lot-
ting the percent mitotic inhibition values against 
the amount of ext-rac t protein assayed g-ives a 
igma- haped do. e response curve (Fig:. 7) . 
DISCUSSIO:\" 
These re.:."'Uits shm1· that our methods of beat 
s£·p~trating and e.\ir:lcting rot epidermis are re--
p rodur rble and t hat the 35,000 g supernatant 
contams a r<'ll-cycle inhibitor detectable by the 
l>io~l.."-'ay. Tlwrmohbility of epidermal chalone 
solution lras been recognized for sometime in 
1 hat after t issue extraction, a water solution 
Jose- its acti\·ity :tfter SC'\eral d.sys at 0" C., 
after several weeks itt -~o· C. (2) and within 
30 minutes when stored t\t 3i " C. (13). How-
eYer, this does not neccsSJ~ rily mean that chalone 
in water e:'>.irscts and chalone on or w-ithin epi-
dermal cells would be equ:illy therroosusceptible. 
T his notion is suppor ted by the work of Bol-
dingh and Laurence (14} who reported a chal-
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TADLE 
lnhibi/Qr!l £'ifect of wal<•r-v:r/1'£1rlcil rat cpirlcrmi., 011 
mitotic ortivity of IIWit.~l' e71idermix 
~1itose"i per em CJ>idcrmis Protoin l 
n:k -------------------1 
Control• i l::xperimonuJ• 
3. ± 2. 7 0.4 ± 0 .3 
\mg l 
12.1 
9.1 
, ] 
/i.l 
5 . 1 
-1 .0 
2.0 
2 . ± 1.1 
3.5 ± 1.2 
-L4 ± 2 . 0 
3.1 ± 1 .5 
2.5 ± 1. 
2 ~~ ± J.j' 
0. ± 0.!) 
1 .3 ± 0 .5 
2.2±1 . 5 
2.0 ± O.H 
2.0 ± 1.3 
2. ± '-' 
% 
P value ~1it{'ltic inhibi-
tion 
<0.0"1 90 
<0.01 - , 1-
<0.002 1i3 
<0 05 50 
N .• : . 3H 
~ .... '. 20 
x.s. 4 
C<Jntrul anJ ex perimental hiopsies per 
bioa..<;Sny. 
t Enelt Ua..o;k COlli &iurd -1..0 ml of Bulluugh 's 
solution 
~roo 
Q 
f.-
in 80 3: 
~ 
g 60 
E 
~ 40 
o~~~--~--~---L--~--~--~ 
2 4 6 8 ~ ~ 14 
MGM PROTEIN PER FLASK 
Ftc. 7. Dost> response run·e of mitotic inhihiuon 
by chalone-containing 35,000 g supernstnnt. 
one ell.iraction procedure which utilized full-
thickness skin from pigs that had been immersed 
in 60" C. water for 15 minutes after which the 
b:llr was burned off. ince, after this rather 
har:-h heat e)..--posure they obtained an actiYe 
chalone preparation, and becau•e we had been 
unahtr to obtain epidermi- that was dermis-free 
by st retch-scraping or by scrupmg alone, we cm-
ployPCI a brief hea t separation p rocedure} rather 
than a chemical or enzyme method. 
\Ye used 3-4 day old rat~ because the di creet 
cle:.~vage plane shown in Figurr l could not be 
achieved by e: .. --po-in~J: skin of older and larger 
arum3ls to the same brief hc.-1t sf'pararion tech-
nique. This is perhaps unfortunate because on 
theoretical grounds one might a rgue that the 
chalone yield would be tower in newborn animals 
than in adult animals. Although chalone activity 
has been found in estracts of the perrpheral 
horny layer of the ep1dermis (l5), it is possible 
that comrol of epidermal proliferation is media-
ted by an especially high concentrntion of chal-
one nt the basakpinou cell interface. lf so, our 
clmn1ge plane a shown in Figure 1 is danger-
ously close to this interface. In order to rircum-
,·ent these possible problems, we are currently in 
the throes of developing a dermoepidermal sepa-
ration ·'cocktail", which \Yill prCBerve maximum 
chruone ucti,·ily and clcal·e the inti'rfolliculnr 
l'pidermis of large animal bet wef'n 1 ht> outer 
lraiiE>t of Lhe basal rell wut mcmbrauc and the 
basal lamina. However, until such a "cocktail" i 
an1iluble the large amount. of pure epidermis 
obtaintLblc by this heat separation tethniqur: for 
batch e:..iraction nnd bioassay tend~ to minimize 
t lw ~tbo,·c mentioned disadva.nbge:: :tncl po~,ible 
he:tt denaturation m· loss of the inh1bi1or into 
the separation bath. 
For measurement of rhalone actr1·iry m the 
ext ract, the mou~c c:1r bioassay is t.he only m 
,·it ro assa_,. reported that uses a chclntrally de-
finrd medium (lQ) . Jn our modifira tton of thk 
techniq11e, we U><ro p:urro con trol and experi-
mental ear plug, from tbe same anirnal to rir-
,.umYen1 mi1 ouc ' 'nnu tion among the mdi,·irlunl 
mirP, nnd jnsurrd idemical size of thP r-ar plug~ 
h~ tlw t~suP pun(·b biop~_,. tooL Furtla·rmore. :'" 
illu::-trated in Ftgun· fl, convemiontll IHstnlogJcal 
tc·rhnique;; nnd ]>:trafiin embcddimr gH,·c exrrl-
ll'llt nuclear morpholo.l!y makin!! the proredttrf'~ 
tl£'-<·nbed b.1· Bullou~rb :~nd John:-on unnert~~ar_,. 
(!!I. Also, sinc·e the cpidPrmal chalone appears to 
br a p rmein (2), thr nmounl of prot rm in the 
rxt ractf' wa;o qunutitnu'd by Lowry protein nnal-
~-~'" rather than by weie;hing the crude Jyophi-
lrzed 11·nter extracted cpid£•rmi~ as h11 d brm pre-
,·iously done (14). The dose response curve nt-
tc·st~ to the fact that the bioassa~- is reliable and 
that Lowry protem a.nalysi· i an nccep1ahle tn-
dic·:J1or of thr quantity of inhibitor prrsrnt 111 
tltc; .35.000 g supernatant. 
For each bioac;say we incubated one c·1r plul! 
in C'acb Warburu: fla. k, whereas Bullou~th and 
Johnson (9) im·ubatcd up to 6 ear plugt< prr 
fla;;k. Wl1ile the total number of flask" t lwy 
u:;cd is not sperifically stated, the u e of muir ipJe 
car plue: · per flask may be re;:ponsiblc for the 
abilny to obtain :;tundnrd de,·intion!' lowrr than 
our:-. AltcrnntJYely, the conditions within carb of 
our 16 fta,;k, mi!!:hl ba,-e be<'n dissimilar enough 
1n ~tffect the mitotic rates and thus inrrcn::e our 
standard deYiations. Al. o, subl3equent st udirs 
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funpuulisbt>d claw l havr Fbown that ttsi11g one 
rar pluJ! per mou"c', :t m·omme111.led hy Bul-
longh (lOl , arhit'\'('"' grca1<'r Rtai i,;tical signifi-
c·ant·t·, ,.:irlC'r tlw degret.•:; of frt>edom are Ul-
r·rc•a:-t·cl. J<'urtunat('ly. our s1:wdard de,·i!!l.ions 
haw h<'en 'illffit·icntly h>w :.mh that . tatistica\Jy 
signific~mt rn11 ot ir inhibit ion hal' bPCn obtuinablt• 
u,..ine ciJ.d tt <·outrol uml er~rbt experimental flask: 
wi1 h 0111' <"•' r plug ]'Cr fla;k. 
.-;iucc th<' bio:t~i':ty sr<>m~ rrliablt', and <>l<>ctrou 
rniern>"I'OJl.'' :ntrl di=-r· :.rei clcdr(lphoresis monitor-
mp, mdit·aH~,.. :t reprodurihle rxLract ion procc-
duno, it ~hould be po.~~illl<> Lo drwlop a rapid 
radi<•r·hcmic·al n::,.:ay whtt•h parallel., thr sp<...-ilir· 
rullihi tnry acti l'i t ~ of thr t'pidermal ext ract;: u~ 
dPf(.'ITlllllPd l,y tlw c·urrl"ntly u.;rd hiolol!ir·al 
''"""'·'·· Xo rarlicwhrmical or l•iorhrmiral a~.::ay for 
111h1lritor~· urti,·ity will ha,·c uny nH'aningful rcl-
,.,·anr·t• to Bulloue;h',. <"OJlrrpt of rhu lom• mrdiu-
t r•u l!r<l\\ 1 h c·onf rnl unlc......~ it i- ri!!nrowly c•orr!'-
latt·d \I'll h Llw rurrPntly nrt·rptrd bioloe:tcal 
a~-a~· fnr Pp'dt•rmal l'h:llollc•. l'nfonunatd~, 
until <1 rapu l t'h('ll1tt\d a"'ll~ i- at hand, tlw 
flltrthratHIII, tdrntity. and tn<'f·h:tm:<rn of :tc·riou 
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